The geometry optimizations and zero-point vibrational energy (ZPVE) were carried out with the B3LYP functional with the 6-31G** basis set for all atoms except Re. For Re the first four shells of core electrons were described by the Los Alamos angular momentum projected effective core potential (ECP) using the double-ζ contraction of valence functions.
The free energies of aqueous water and ammonia (1M) are the sum of the calculated free energy of the species in the gas phase at 1 atm (calculated with standard statistical mechanical formulae) and the appropriate experimental free energy of hydration (∆G H2O (1 atm → liq) = -2.05 kcal/mol and ∆G NH3 (1 atm → 1M) = -2.4 kcal/mol, from J. Phys. Chem. Ref. Data, Vol. 11, Suppl.2, 1982.) .
We compared the performance of this M06(electronic energy)//B3LYP(geometry optimization) approach with that of M06//M06, and found both levels of theory gave similar results (with less computational cost using M06//B3LYP). Two reactions were used for this comparison: (1) We also compared the Gibbs free energy profiles from this M06//B3LYP with those from B3LYP//B3LYP. We found both levels of theory give similar results in the unimolecular reactions with 1.9 kcal/mol discrepancy in barriers and 2.0 kcal/mol in reaction energies (Table 1S ), but show significant difference after DMSO participated the reaction ( Figure 1S ). We believe that M06 gives more accurate results for such cases because of its improvements in treating van der Waals interactions and redox thermochemistry of main group elements and metals (Zhao, Y.; Truhlar, D. G. Acc. Chem. Res. 2008, 41, 157) .
At the request of a reviewer, free energy surfaces derived from both Eq (1) and again assuming ideal gas statistical mechanics for all species are presented in Figure   2S and Table 2S . Figure 1S . M06//B3LYP (blue line) and B3LYP//B3LYP (red line) free energy surfaces (including solvation by dichloromethane) of the oxidation of (HBpz 3 )ReO(Et)(OTf) by DMSO (kcal/mol) at 298K Figure 2S . Overall free energy surfaces of the oxidation of (HBpz 3 )ReO(Et)(OTf) by DMSO (kcal/mol) at 298K (including solvation by dichloromethane) . The green line is based on thermal corrections from the ideal gas model, while the blue line is based on equation (1). Table S1 . The reaction barrier and free energy (including solvation by dichloromethane) for alkyl 1,2-migration at 298K ( Table S2 . The reaction barrier and energy (including solvation by dichloromethane) for alkyl 1,2-migration at 298K based on the ideal gas model. For comparison, we also showed the numbers based on equation (1) 
